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Cardiac Magnetic Resonance Features
of Biopsy-Proven Endomyocardial DiseasesMartina Perazzolo Marra, MD, PHD,* Gaetano Thiene, MD,* Stefania Rizzo, MD, PHD,*
Manuel De Lazzari, MD,* Elisa Carturan, PHD,* Francesco Tona, MD, PHD,*
Alida Linda Caforio, MD, PHD,* Luisa Cacciavillani, MD, PHD,*
Renzo Marcolongo, MD,y Giuseppe Tarantini, MD, PHD,* Francesco Corbetti, MD,z
Sabino Iliceto, MD,* Cristina Basso, MD, PHD*
Padua, ItalyTHE HYPEREOSINOPHILIC SYNDROME IS CHARACTERIZED BY PERSISTENT MARKED EOSIN-
OPHILIA (‡1.5 EOSINOPHILS 3 109/L) AND EVIDENCE OF EOSINOPHIL-MEDIATED ORGAN
DAMAGE. Cardiac involvement due to hypereosinophilic syndrome includes the eosinophilic myocar-
ditis (EM), the Loefﬂer endocarditis (LE), and the endomyocardial ﬁbrosis (EMF). The pathologic substrates
of hypereosinophilic syndrome have been traditionally distinguished into the acute necrotic stage,
characterized by active EM; the subacute early stage, characterized by the deposition of mural endo-
cardial thrombi (LE); and the late ﬁbrotic stage, due to the progressive scarring leading to EMF with a
restrictive hemodynamic pattern. The diagnosis requires a complex instrumental work-up and endo-
myocardial biopsy (EMB) has been considered the gold standard. Nowadays, cardiac magnetic resonance
(CMR) offers the possibility of a noninvasive myocardial tissue characterization on post-contrast se-
quences, besides morphofunctional assessment (Fig. 1). In the EM/LE and EMF cases herein reported
(Figs. 2 and 3), with follow-up data in 1 of them (Figs. 4 and 5), CMR data are compared with EMB
ﬁndings, thus proving the capability of CMR to identify myocardial inﬂammation, mural thrombi, and
endocardial ﬁbrosis.
In conclusion, our data support CMR as a diagnostic tool in endomyocardial diseases, as validated by
EMB. Serial studies by CMR and EMB conﬁrm that EMF and EM/LE are often different stages of the same
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Figure 1. Cardiac Magnetic Resonance Sequences and Findings of Various Stages of Endomyocardial Diseases
Acute phase: on cine cardiac magnetic resonance (CMR) (Magnetom Avanto 1.5-T, Siemens, Erlangen, Germany) images, a mild left ventricle (LV) dilation with
preserved right ventricular (RV) shape and dimensions may be appreciated (A). On T2-weighed images, besides slow ﬂow artefacts (asterisk), a subendocardial high
signal intensity (arrows), involving the LV and mid-portion of interventricular septum, may be found mostly on 4-chamber view (B). On T1-inversion recovery (IR) post-
contrast sequences (gadobenate dimeglumine [Multihance, Bracco, Monroe Township, New Jersey] 0.2 mmol/kg of body weight), a diffuse LV subendocardial late
gadolinium enhancement ([LGE], signal intensity threshold of >2 SD above a remote reference region) (arrows) also involving the RV septal subendocardium (solid
arrowheads)may be evident (C). In this acute necrotic phase, LGE presence and extent overlap with the edema on T2-weighted images. Chronic phase: on cine images
(D) a ventricular obliteration, initially of the RV apex (open arrowhead) with modiﬁcation of apical shape, is usually detectable, mainly on 4-chamber view; thinning of
the remaining walls is also evident. On T2-weighted images (E), the persistence of slow ﬂow artefacts on apical region (asterisk) but without myocardial edema may be
demonstrated. After contrast administration (F), a global increase of endocardial LV and RV LGE is detectable. Of note, the apical RV LGE with superimposed thrombus
(open arrowhead) is a typical ﬁnding, explaining the obliteration on cine image (D). This late ﬁbrotic stage (i.e., endomyocardial ﬁbrosis [EMF]) with diffuse endo-
cardial LGE well explains the restrictive hemodynamic pattern.
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Figure 2. Eosinophilic Myocarditis Proven by Endomyocardial
Biopsy: Acute Stage
The patient is a 32-year-old Caucasian man presenting with progres-
sive heart failure. Hypereosinophilia and lung involvement were pre-
sent at the time of the hospital stay. On day 8, he underwent a
morphofunctional and post-contrast CMR protocol. On cine images, a
preserved LV end-diastolic volume (LVEDV) was present (85 ml/m2)
with a mild reduction of ejection fraction (LVEF 50%). On T2-weighted
sequences, 4-chamber view, myocardial edema, particularly in the
subepicardial layers of the apical and lateral free walls, was found;
apical slow ﬂow artefacts (arrowheads) were also detectable (A).
After gadolinium injection, on T1-IR post-contrast sequence,
4-chamber view, a subepicardial LGE pattern, corresponding to
edema on T2-weighted image (arrowheads), was detected. Mild
pericardial effusion on RV apical free wall region and a pericardial LGE
in the LV mid-apical lateral segment were also evident (B). The
endomyocardial biopsy (EMB) showed diffuse inﬂammatory inﬁltrates
and endocardial thrombosis, in the absence of replacement-type
ﬁbrosis (C); at higher magniﬁcation, eosinophils were clearly visible
both within the thrombus and in the underlying myocardium in
keeping with eosinophilic myocarditis. (D) (hematoxylin and eosin
stain). Abbreviations as in Figure 1.
Figure 3. Endomyocardial Fibrosis Proven by Endomyocardial
Biopsy: Chronic Stage
The patient is a 41-year-old Caucasian woman referred for
increasing dyspnea. On cine CMR, 4-chamber view diastolic frame
(A), a biatrial dilation was detected. Normal LVEDV (66 ml/m2) and
LVEF (65%), but impaired RVEF (40%) were found; RV and LV apical
obliteration (arrowheads) with RV wall thickening and mild peri-
cardial effusion were also present. On T1-IR post contrast sequences,
4-chamber view, a biventricular LGE as a white endocardial rime
was detected (arrowheads) (B). RV EMB demonstrated 2 samples
with massive endocardial ﬁbrous thickening and 1 consisting only
of ﬁbrous tissue (C), with abundant neovessels at higher magniﬁ-
cation (D) (trichrome stain). The CMR features of EMF have been
characterized by a 3-layer appearance: the myocardium, the thick-
ened ﬁbrotic endocardium, and the overlying thrombus. The
endocardial RV LGE is well explained by the diffuse ﬁbrous thick-
ening, irregularly penetrating the subendocardial myocardium with
neovessels proliferation as a marker of thrombus organization.
Abbreviations as in Figures 1 and 2.
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Figure 4. Loefﬂer Eosinophilic Endocarditis Evolving Toward Endomyocardial Fibrosis: Cardiac Magnetic Resonance Features
The patient is a 40-year-old African (Moroccan) man hospitalized for increasing dyspnea due to progressive heart failure. Cine CMR in the acute phase (on day 3),
3-chamber view diastolic frame (A), showed increased LV wall thickness (15 mm), with preserved LV and RV dimensions with mild decrease of EF (LVEDV 89 ml/m2, LVEF
50%; RVEDV 70 ml/m2, RVEF 50%). On post–contrast-enhanced sequences, 3-chamber (B) and basal short-axis views (C), an inhomogeneous myocardial LGE (asterisks)
was evident. On the basis of EMB ﬁndings (see Fig. 5A), associated with increased eosinophilic blood count (20  109/l), the patient was treated with high doses of
steroids and underwent mechanical assistance as bridge-to-recovery, with hemodynamic improvement. Three weeks later (on day 21), a second CMR showed LV walls
thinning (D). On post–contrast-enhanced CMR, 3-chamber (E) and basal short-axis views (F), a homogeneous diffuse LV endocardial LGE (arrowheads) with a
superimposed dark rime (open arrowheads) was evident. The pericardial and pleural effusions were not detectable any more. Abbreviations as in Figures 1 to 3.
Figure 5. Loefﬂer Eosinophilic Endocarditis Evolving Toward Endomyocardial Fibrosis: Endomyocardial Biopsy Features
The patient (same as in Fig. 4) underwent 3 EMBs, 2 of them at the time of CMR investigation. The ﬁrst EMB, performed in the acute phase (day 4) showed endocardial
thrombosis and inﬂammatory eosinophilic inﬁltrates associated with myocytes necrosis and edema (A, inset: higher magniﬁcation) (hematoxylin and eosin stain). During
follow-up (day 11), a second EMB (B) revealed early ﬁbrous repair with granulation tissue and neovessels formation (trichrome stain). On the third EMB, performed at the
time of second CMR (day 23), a dense endocardial ﬁbrous thickening was detected, with vacuolization of the underlying cardiomyocytes (C) (trichrome stain). This case
well represents the time course of eosinophilic myocarditis/Loefﬂer endocarditis (LE), from the early necrotic stage, mostly involving the subendocardium, with thrombus
formation, to the late EMF stage, with endocardial ﬁbrous thickening without inﬂammatory inﬁltrates and edema. The comparison of EMB and CMR data obtained in the
same patients prove the capability of CMR to identify myocardial inﬂammation, mural thrombi, and endocardial ﬁbrosis. Abbreviations as in Figures 1 and 2.
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